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INTRODUCTION 
The most injurious agency to Satsuma groves in the Gulf States has 
been winter injury. All too frequently killing freezes take their toll. There 
is no specific critical low temperature for the trees; this will vary several de-
grees, depending upon the condition of the trees. Trees not thoroughly dor-
mant, neglected trees, those heavily infested with purple scale, and those that 
have just produced a heavy crop of fruit are believed to be most susceptible 
to freeze injury. If trees could be treated so that they would stand a few 
degrees more cold it would be very beneficial. 
Several views are held by growers as to how to make trees more re-
sistant to cold injury. Little, if any, experimental evidence is available. 
The experiment reported here was conducted to determine whether the fol-
lowing freatments would have any influence on resistance to winter injury: 
1. Two pounds of 3-8-6 fertilizer in the spring of 1932. Rate increased 
1 pound per year fot: 3 years. 
2. Same fertilizer treatment as No. 1, plus 1 pound of nitrate of soda 
in July, 1932, which was increased 0.5 pound per year for 2 years. 
8. Same fertilizer tl·eatment as No. 1. Roots were pruned by plowing 
close to the tree on two sides deep enough to cut lateral roots approximately 
8 inches within the spread of the tree. Root pruning was done the latter part 
of October and the sides were pruned in alternate years. · 
4. Same fertilizer treatment as No. 1, plus 1 pound of muriate of pot-
ash the last of September. The muriate was increased 0.5 pound per year 
for 2 years. 
5. ame fertilizer treatment as No. 1, plus sugar in the form of black-
strap molasses at the rate of one gallon per tree. This was applied each year 
in a small trench around the tree in late September, and covered with soil. 
6. Check. No fertilizer or ·special treatment. 
The first treatment given is considered to be a good fertilizer practice 
which should not cause excessive growth. Added nitrogen was given some plots 
in the summer to cause late, tender growth, which would make the trees more 
susc ptible to winter injury. Root pruning in the fall was used because it 
is commonly believed that this practice hastens dormancy in trees by partially 
cutting off the moisture and nutrient supply, and so tends to increase re-
sistance to cold injury. As the addition of potash is often considered ad-
vantageous, insofar as making plants cold hardy is concerned, extra potash 
was applied to some plots. Since the reduction of food reserves seems to 
make trees more susceptible to cold injury, it was thought that it would be 
beneficial if the carbohydrate reserves could be built up by the addition of 
crude sugar in the form of blackstrap molasses, so this material was added 
to some plots. 
REVIEW OF LITERATURE 
Winberg, Starcher, and Isbell (3) found that air drainage was an im-
portant factor so far as the site for a Satsuma grove was concerned. Trees 
in low places where cold air settled were more severely injured by cold than 
nearby trees in a more desirable location. 
English (1) describes the method of building and operating mound heat-
ers that he has found to be satisfactory in southern Alabama. He consid&rs 
20 ° F. as the danger line for Satsuma trees and suggests lighting heaters at 
24° F. if the temperature is falling rapidly and a freeze substantially below 
20° F. is predicted. 
Fletcher (2) reports that sugar in the form of "Cerelose" influenced 
the color of apples. 
PROCEDURE 
Uniform one-year-old trees were set in the spring of 1931. Each treat-
ment was run in triplicate and th re were 8 trees per plot. Except where 
previously noted, cultural treatment was uniform. Trees were cultivated 
in ~he spring. A cover crop was planted in middles in the summer and disked 
in late November. All trees were banked every year. 
The effects of the different treatments on dormancy, resistance to freeze 
injury, and concentration of expressed sap from shoots were studied. 
Dormancy during the winter was determined by presence or absence of 
new growth. Any new growth showed lack of dormancy. 
Resistance to freeze injury was determined by the extent of injury from 
low temperature. Killing freezes occurred during two of the winters while 
this experiment was being conducted. 
Sap concentration studies were made from cxpre sed juice from shoots 
of the current year's growth. amples were taken in August and during the 
late fall and winter. The first growth of the season was used in August, while 
for later samples, the first and second growths of the season were used, with 
separate determinations made on each. hoots were ground in a pencil 
sharpener and sap expre sed from the ground material with a hydraulic press. 
Uniform samples and pressure wer us d. F1·cezing point determinations were 
run on the expressed sap with a Beckman thermometer. Solids in the ex-
pressed sap were determined by drying to constant weight. Moisture con-
tent of the shoots was determined by drying a small sample of ground material 
to constant weight. 
EXPERIMENT AL RES UL TS 
ome of the results obtained on the eff cts on dormancy of the treat-
ments given are shown in Tables 1 and 2. 
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Table 1. Dormancy of Orange Trees, November 21, 1934 
Trees With Trees With Trees With Trees With 
TREATMENT No New 1 New 2 to 4 New More t han 4 Growth- Shoot-- Shoots- New Shoots-
Per Cent Per Cent Per Cent Per Cent 
NPK 
-------------------------
27 6 18 60 
NPK + N 
-------------
17 4 17 62 
NPK- root pruned 
------
21 21 17 41 
NPK + K 
------------------
14 6 10 71 
NPK+Sugar 
----------------
26 21 12 42 
Check 
----------------------------
16 0 4 81 
Table 2 . Per Cent of Trees With New Growth Starting 
January 15, 1937. 
TREATMENT 
NPK ------------
NPK+ N --------
Per Cent With 
New Growth 
90 
100 
NPK- root pruned ----------------- 84 
NPK+K __:_____ 90 
NPK+Sugar ---------- 90 
Check --------------------··-------- 90 
These results show that t here was no marked effect upon dormancy that 
may be att1·ibuted to the treatment of the trees. Climatic factors which 
could not be controlled overshadowed any influence that the treatments may 
have exerted. 
RESlSTANCE TO COLD INJURY 
There were two injurious freezes while this experiment was being con-
ducted. They occurred in the winters of 1932-1 933 and 1934-1935. Results 
showing the extent of injury from freezes are given in Table 3. 
Table 3. Effect of Plot Treatment on Freeze [njury to Trees. 
TREATMENT 
Per Cent Trees 
Receiv ing Up 
to 10 3 Injury 
Per Cent Trees 
Receiving Up 
to 30 % Injury 
WINTER OF 1932-1933 
NPK 
NPK+·N ·-===:===--=-
NPK- root p ru ned --------
NPK + K ----------
NPK +Sugar -------
Ch ck -------------------
NPK NPK+N·==-=~~==--
NPK- root prun d ___ _ 
NPK+ K ---------------· 
NPK + Sugar -------
Check ------ ·-------
0 
0 
0 
0 
0 
0 
15 
0 
0 
8 
86 
8 
54 
4 
24 
55 
48 
64 
WINTER OF 193"-1935 
5 
J O 
0 
0 
16 
l 
20 
Per Cent Trees 
Receiving Up 
to 60 % Jn jury 
86 
28 
28 
23 
89 
16 
60 
25 
76 
82 
86 
50 
Per Cent Trees 
Kmed to t he 
Bank 
10 
73 
48 
22 
18 
20 
16 
75 
24 
46 
10 
22 
The data show that the trees on plots rece1vmg extra nitrogen were 
more susceptible to cold injury than the trees on the other plots. This means 
that care must be taken in the use of nitrogenous fertilizer, especially late in 
the season. If available nitrogen and moisture are present, combined with 
growing temperature, growth will continue late in the season and the tree 
will be more likely to be injured by a freeze. It should be stated, however, 
that trees on extra-nitrogen plots recovered from severe injury very rapidly. 
Trees that were root pruned followed those receiving additional nitrogen 
in extent of injury from cold. This is surprising, as root pruning has been 
practiced to some extent by growers who believed it was beneficial. Under 
the conditions of this experiment, root pruning not only did not help but was 
harmful. 
Results with other treatments were not as consistent as might be de-
sired, but it is doubtful if differences between them are significant. The 
fact remains that trees receiving all the treatments were seriously injured by 
cold. During the period of this experiment, two killing freezes were expe-
rienced at intervals of two years. After each freeze, at least one year's 
growth was necessary before the trees bore fruit. This means that the plant-
ing of Satsuma orange trees is very hazardous where killing freezes are a 
probable occurrence. 
SAP CONCENTRATION STUDIES 
Sap concentration studies were made during two seasons. In one of 
these, a serious freeze occurred, while there was no harmful cold during the 
other one. Thus, results under variable conditions were obtained. These 
results are given in Tables 4 and 6. 
The data show that the treatment given the plots had very little influ-
ence upon the concentration of the expressed sap from shoots. Even though 
trees receiving added nitrogen were more severely injured by freezes, there 
was no difference in freezing point depression or total solids of sap from 
shoots from these trees, except in determinations made January 8, 1935. 
Even in this case, the difference was not large and its significance may be 
questioned. 
Considerable variation was found between samples taken at different 
times. As might be expected, the freezing point depression and the solid 
content were low in August and increased markedly later in the season. The 
variations found between the last dates of sampling in the two different 
years are explained by the difference in temperature. During the mild 
December and January of 1936-1936, the freezing point depression actually 
decreased slightly. Variations were found between top and base growth of 
shoots, but these differences disappeared when the winter was not severe. 
As differences were easily found at different times of the year, it is 
believ d that if marked differences due to treatment of plots had been pres-
ent, they would have been easily found. 
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Table 4 . Effect of Various Treatments on the Moisture Content of Orange 
Shoots, and the Freezing Point Depreuions and Solids in Expreued Sap, 
1934-1935 
Ft-eezlnir 
Moisture Point Solids in 
No. TREATMENT Portion in Shoots. Depresaion Exprened of Shoot Per Cent of Express- Sap. ed Sap. Per Cent 
-
Degrees C. 
AUGUST 27 , 1934 
1. NPK 
-----------
64 .68 0.89 7.48 
2. NPK+ N 
----------
56.42 0.87 7.21 
s. NPK- root pruned __ 56.17 0.91 7.46 
4. NPK+K ---------- 57.00 0.9 4 7.26 
G. NPK + Sugar 
----------
56.26 0.94 7.87 
6. Check 
--------
55.66 0.89 7.9 6 
NOVEMBER 29, 1934 
1. NPK 
-----------
top 52.39 1.63 18.97 
base 47.54 1.53 12.82 
2. NPK+ N 
----------------
top ~ S . 65 1.62 l S.56 
base 48.07 1.47 18.88 
8. NPK- root ,Pruned _ top 55.37 1.61 14.16 
base 48.87 u.o 18.45 
4. NPK+ K -------- top 56.47 1.60 13.64 
b1ue 51.12 1.40 12.06 
5. NPK+Sugar 
-------
top 55.27 1.61 13.67 
base 48.77 1.50 13.16 
6. Check 
-----------
top 54.37 1.64 14.86 
base G0.28 1.42 18.97 
JANUARY 8, 1935 
1. N PK --------------~--- top 49.27 1.93 17.68 
base 44.87 1.79 16.91 
2. NPK+ N 
-------
top 50.07 1.63 15.04 
base 45.40 1.56 14 .67 
8. NPK- root pr uned top 4 .09 1.91 17.91 
base 45.5 0 1.80 16.86 
4, NPK+ K 
--·----
top 48.17 2.01 17.99 
base 43.91 1.91 17.62 
Ii. NPK +Sugar 
---
top 47 .9 1 1.93 18.88 
bn•e 44.96 1.86 17.H 
6. Check 
---------
top • .35 2.07 19.92 
base 44.77 1.92 18.5 1 
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Table 5. Effect of Various Treatments on the Moisture Content of Orange 
Shoots, and the Freezing Point Depreuiona and Solida in Expreu ed Sap, 
1936-1937. 
Freezing 
Moisture Point Solids in 
N o. TREATMENT Portion in Shoots. Depress ion Expressed of Shoot Per Cent of Express- Sap. ed Sap. P er Cent 
-
Degr ees C. 
AUGUST 4, 1936 
1. NPK 
---
58.80 0 .92 7.08 
2 . NPK+ N _ 60 .24 0.99 7.74 
8. NPK- root pruned 60.25 0.99 7.28 
4. NPK+ K ~8.96 0.90 7.06 
5. NPK+ Sugar 
----
58.92 0.98 7 .48 
6. Check 57.07 0.97 7.92 
DECEMBE R 10, 1936 
l. NPK -----·-- top 59.80 1.68 12.88 
base 62.57 1 .60 12 .52 
2 . NPK+ N 
·-----· 
top 59.94 1.72 12.72 
base 68.89 1.51 1 2.11 
s. NPK- root pruned _ top 57.69 1.67 12.18 
ba•e 62.72 1.67 12.8 4 
4. NPK + K -------- top 58.58 1.67 12.SS 
base 62. 11 1.68 12.95 
6. NPK+Sugar 
----
top 58.66 1.66 12.04 
base 52.24 1.68 12.58 
6. Check top 54.92 1.67 18.91 
base 50.03 1.60 18.12 
JANUARY 20, 1937 
l. NPK ------- top 64.12 1.85 12.87 
base 49.18 1.SS 12.82 
2. NPK+ N 
···---·-·· 
top 52.4 9 1.21 11.50 
base 48.25 1.20 11.76 
8. NPK- root pruned top 62.59 1.87 12.24 
base 47.61 1.38 12.37 
4. NPK + K top 52. 46 1.25 11 .69 
base 4 .86 1.25 11.36 
5. NPK+ Sugar top 52.35 1.87 12 .28 
base 48.12 1.85 12.12 
6. Check 
--------
top 51.88 1.81 12.61 
base 47.20 1.82 12.98 
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TEMPERATURE STUDIES 
Some information concerning the temperatures at a station a djoining 
the orange grove may be of interest. Temperature data are presented in 
Table 6. 
Table 6 . Temperature Data at Selected Timea from 1932 to 1936 
MONTH Year Minimum Maximum Average Ave
rage Mean Minimum Maximum 
November 1982 29.0 8 0 42.SO 63.03 52 .66 
December 1982 24 .0 7G 45.64 69.97 62.85 
January 1983 26.0 78 48.00 65.20 56.60 
F ebruary 1983 16 .G 76 47.60 61.91 64 .70 
August 1934 70.0 93 72.50 90.10 81.8 0 
November 1984 88.0 SR 62.SO 75.30 63.80 
December l\lS4 26.0 79 45.50 64.20 64 .8 0 
J anuary 1985 22.0 20 44.20 65.20 54.70 
February 1985 28.0 78 45.10 65.80 55.40 
July 1986 68.0 97 72.40 90.70 81.80 
November 19S6 27.0 86 44 .6 0 68.60 56.60 
December 1986 80.0 79 44.20 GS.SO 58.80 
J anuary 1987 41 .0 3 6(.20 70.20 62.20 
F bruary 1987 80.0 79 44.10 61.90 58.00 
A comparison of temperatures for the two years when killing freezes 
occurred shows that there was a difference of 5.5° F. in minimum tempera-
tures. Or dinarily Satsuma trees will stand a freeze 22° F. without serious 
in jury. It is evident that the condition of the trees at the time of the freeze 
is very important . During the latter part of November, 1934, many trees 
were making a new growth, showing that they were not do1·mant. In 1933, 
the day following the freeze was cloudy, while in 1935 it was not. This 
might have had some influence upon the extent of injury. 
It t he treatments given plots were not effective in preventing serious 
injury at a minimum temperature of 22 °, they were not very beneficial. 
DISCUSSION 
Heavy application of nitrogen late enough in the season to stimulate 
late growth made Satsuma orange trees more susceptible to freeze injury. 
Other treatments given plots had very little influence. Late applications of 
potash were not beneficial, nor was root pruning in the fall. Trees on plots 
receivi ng no ferti lizer may have been slightly more resistant to cold than 
those on other treatments, but the difference was not marked. It is often 
necessary to apply some fertiliz r to obtain satisfactory growth. 
limatic conditions had a far greater influence on the condition of the 
trees so far as cold resistance was concerned than any treatment given . 
About all the grower can do is to keep the trees in a healthy condition and 
not stimulate late growth. In spite of the best treatment the grower can 
give, severe freezes will cause injury. 
9 
About the only way the grower can tell whether trees are in good con-
dition to stand cold is by their appearance. If they are not thoroughly dor-
mant, they will be more likely to be injured than if they were. Sudden cold 
spells following periods of high temperatures are more likely to be injurious 
than those following cooler weather. Judging by the data presented, the 
freezing point depression of the expressed sap of orange shoots is not a very 
good index of the condition of the tree, so far as cold resistance is concerned. 
RECOMMENDATIONS 
The following recommendations are given for Louisiana growers and 
are based upon observations as well as upon experimental evidence. 
Do not plant commercial Satsuma groves in areas where frequent kill-
ing freezes are likely to occur, unless heating can be done effectively and 
economically. Freezes that resul t only in leaf fall will cause the loss of a 
crop. Established trees that are severely injured by cold will have to grow a 
season or two after the freeze before a worthwhile crop can be expected. 
Satsumas may be planted in home orchards and yards from Baton Rougt 
south. If possible, plant trees in protected places. Bank the trees every 
year about the last of November and pull the bank down about the middle 
of March. Apply fertilizer to the b·ees afte1· removing the bank. A com-
plete fertilizer containing about 3 per cent nitrogen is recommended. Do 
not stimulate growth late in the season. Cultivate in the spring and early 
summer but not later in summer. Ke p the ti·ees in good condition. After 
a killing freeze, remove the wood that has been killed. Spraying to control 
disease and insect injury must be practiced. 
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